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Abstract  
In a world where billions of people still lack access to clean and affordable energy 
services the need for successful and financially viable rural electrification projects in 
developing  countries  is  immense.  In  the  last  decade  the  focus  of  the  rural 
electrification projects has shifted from traditional grid-extensions towards small-
scale  off-grid  applications  utilizing  renewable  energy.  Such  projects  are  often 
executed by various local non-governmental organizations receiving funding from 
international donor organizations. Due to myriad institutional, social and economic 
factors in different countries the success and financial viability of these projects can 
be difficult to ensure. The local NGOs are often left to scramble for  short-term 
external financing year after year, without a sound plan for the long-term financial 
viability, thus undermining the overall success of the projects.  
This dissertation set out to find the best ways for a rural solar energy project in a 
developing country to become financially viable after the initial financing from the 
donor organization had ended. The general success factors of projects as well as the 
role of the donor organization in helping to enhance the financial viability were also 
studied. The answers were sought with a review of the existing literature on the 
topic as a backdrop for a case study project in rural Nicaragua.  By comparing the 
case study project to another, already established and successful project the trends 
that had emerged from the literature could be further highlighted and confirmed. 
The role of the donor organization was found to be crucial in helping the NGOs in 
developing countries planning for long-term financial viability, and one of the best 
ways for a NGO to ensure sound long-term financing was to develop the projects   Page iv 
 
into small commercial enterprises, or to form mutually beneficial partnerships with 
the existing ones. The overall success of the project as well as its financial viability 
was seen to be deeply dependent on the level of co-operation achieved between 
the various stakeholders.  
     Page v 
 
Table of Content 
Abstract ....................................................................................................................... iii 
Table of Content  ........................................................................................................... v 
Acknowledgement ..................................................................................................... vii 
Abbreviations ............................................................................................................ viii 
List of Figures and Tables ............................................................................................. x 
1.  Introduction ......................................................................................................... 1 
1.1 Objectives ........................................................................................................... 3 
1.2 Scope and limitations ......................................................................................... 4 
1.3 Outline ................................................................................................................ 5 
2.  Methodology ........................................................................................................ 7 
3.  Literature review .................................................................................................. 9 
3.1 Challenges in implementing rural solar energy projects ................................... 9 
3.2 Success factors ................................................................................................. 10 
3.3 Financing .......................................................................................................... 15 
3.3.1 End User Financing .................................................................................... 16 
3.3.2 Barriers ...................................................................................................... 18 
3.3.3 Successful approaches to accessing financing .......................................... 20 
3.3.4 Financial viability ....................................................................................... 22 
3.4 Summary .......................................................................................................... 26 
4.  Case study: blueEnergy Nicaragua ..................................................................... 27 
4.1 Nicaragua background information ................................................................. 28 
4.1.1 Geography ................................................................................................. 28 
4.1.2 Socio-economic status .............................................................................. 30 
4.1.3 Energy  ........................................................................................................ 32 
4.2 blueEnergy project ........................................................................................... 34   Page vi 
 
4.2.1 Goals and stakeholders ............................................................................. 35 
4.2.2 System installation and maintenance ....................................................... 37 
4.2.3 Financing ................................................................................................... 41 
4.3 Summary .......................................................................................................... 43 
5.  blueEnergy and Solar Energy Foundation: comparative analysis ...................... 45 
5.1 Solar Energy Foundation (SEF) ......................................................................... 46 
5.2 Comparison ...................................................................................................... 47 
5.3 Discussion ......................................................................................................... 50 
5.4 Summary .......................................................................................................... 54 
6.  Summary and Conclusion  ................................................................................... 56 
6.1 Summary .......................................................................................................... 56 
6.2 Research findings ............................................................................................. 58 
6.3 Recommendations for further study ............................................................... 62 
7.  References  .......................................................................................................... 63 
 
     Page vii 
 
Acknowledgement 
 
I would like to thank the staff at the School of Engineering and Energy at Murdoch 
University for their support. Everyone has been very enthusiastic and professional, 
and  their  burning  passion  for  all  things  RE  has  been  infectious.  I’m  especially 
grateful for my supervisor Dr Tania Urmee for her unwavering support even as she 
went on maternity leave during my research.  
I am indebted to the project management of blueEnergy Nicaragua for the wealth 
of support they gave me during the research.  Esteban Van Dam and Jonathan 
O’Toole went out of their way to provide me with the information I needed. I am 
also very grateful for the guidance and comments received from Richard Hansen of 
Soluz Inc and Anna Garwood of Green Empowerment.  
A big Thank You goes to my parents for their support and all my friends for acting as 
my release valve when I needed it.  And finally, I could have not done this without 
Nasu – thank you for your unconditional love and support!      Page viii 
 
Abbreviations 
ADEPHCA  Asociación de Desarrollo y Promoción Humana de la Costa 
Atlántica (The Association for the Development and 
Promotion of the Atlantic Coast) 
ASTAE     Asia Alternative Energy Program 
CFL      Compact Fluorescent Light 
ECAMI     Empresa de Comunicaciones S.A.  
GEF      Global Environment Facility 
GTR-K      Gobierno Territorial Ramas y Kreoles 
HCD      Holistic Community Development 
HLS      Home Lighting System 
IEA      International Energy Agency 
IDCOL      Infrastructure Development Company Limited 
IREDA      India Renewable Energy Agency 
LED      Light-emitting Diode 
MFI      Microfinance Institution 
MFO      Market Facilitation Organization 
(M)SME    (Micro) Small and Medium sized Enterprise 
Mtoe      Megatonnes of oil equivalent 
NGO      Non-Governmental Organization 
PERZA     Proyecto de Electrificación Rural para Zonas Aisladas 
PV      Photovoltaic 
RAAN  Región Autónoma del Atlántico Norte (Northern Atlantic 
Autonomous Region) 
RAAS  Región Autónoma del Atlántico Sur (Southern Atlantic 
Autonomous Region) 
REED      Rural Energy Enterprise Development 
REDCO     Rural Energy Delivery Company 
(R)ESCO    (Rural) Energy Service Company  
RE(T)      Renewable Energy (Technology)   Page ix 
 
SEF      Solar Energy Foundation (Stiftung Solarenergie) 
SHS      Solar Home System 
UNDP      United Nations Development Programme 
UNEP      United Nations Environmental Programme 
 
     Page x 
 
List of Figures and Tables 
Figure 1: The research methodology ........................................................................... 8 
Figure 2: Map of Nicaragua with the Southern Atlantic Autonomous Region (RAAS) 
in the close-up, showing the blueEnergy project communities ................................ 29 
Figure 3: A happy end user with a wall mounted battery/charge controller unit..... 38 
Figure 4: An individual PV panel mounted on a roof. ................................................ 38 
Figure 5: An HLS with a wall-mounted charge controller/DC plug and a separate 
battery container ....................................................................................................... 39 
 
Table 1: Success factors of a rural solar energy project  ........................................... 12 
Table 2: End user financing mechanisms  .................................................................. 16 
Table 3: The cost of the Home Lighting System (HLS) ............................................... 40 
Table 4: Comparison between the projects of blueEnergy and SEF .......................... 48 
     Page 1 
 
1.  Introduction 
Energy is at the heart of everything. It is needed for preparing meals, being able to 
perform  most  tasks  and  without  it  working  would  be  much  more  physically 
strenuous. Energy is needed to access clean water or be able to keep medication 
cool, not to mention just sitting down to study or do some handicrafts after the sun 
has gone down. In developed countries this is taken for granted but for billions of 
people in developing countries access to energy services is a luxury they still do not 
have.  
The  latest  United  Nations  and  World  Energy  Organization  figures  estimate  that 
there  are  still  1.4  billion  people  without  access  to  clean  and  affordable  energy 
services (electricity) in the developing countries. This figure rises to 2.7 billion if the 
people using traditional biomass (i.e. wood and dung) for cooking are included. 85% 
of these people live in the rural parts of their countries (OECD and IEA 2010). These 
often  sparsely  populated,  poor  and  difficult  to  access  areas  are  generally  not 
supplied by the common means of grid-connected electricity, as the utilities fail to 
make a financial case for extending the grid. In most developing countries there are 
some  government  subsidies  available  for  the  utilities  for  the  purpose  of  grid-
extension  to  rural  areas,  but  the  connection  provided  may  still  prove  to  be 
unreliable or too expensive for the end users (OECD and IEA 2010). The subsidies 
often fail to address the lack of quality and affordability of the energy services and 
may in the worst case only serve to distort the market for renewable energy based 
off-grid solutions.    Page 2 
 
Off-grid rural electrification projects using renewable energy technologies in the 
developing countries were starting to gain momentum in the early 1980’s, but from 
the past three decades of myriad projects there still seems to be surprisingly little 
to show for. The gloomy tales of projects gone awry and installed systems broken 
and  rusting  away  seem  to  be  more  overpowering  than  the  uplifting  stories  of 
communities  revived  and  life  changed  for  better  by  these  projects  (Martinot, 
Cabraal et al. 2001; Reddy and Painuly 2004; Balint 2006; Ilskog and Kjellström 
2008).   
Over the decades there have been hundreds of studies done on these projects but 
it  seems  that  a  majority  of  them  are  centred  around  the  various  barriers  and 
failures, rather than trying to find ways to create successful projects that will be 
viable long after the initial funding has ended. There also seems to be very little 
knowledge-sharing amongst the players in the field of rural electrification projects. 
Although it has been realized over the years that no one blueprint of a project can 
be successful in every single application when the communities and their needs are 
very different around the developing world, projects could still benefit from being 
able to learn from each other and see how others have tackled the issues they face.  
In this study a cross section of the previous studies was reviewed to find out the 
current  consensus  around  the  successfulness  and  financial  viability  of  rural 
electrification projects. Against this backdrop a case study was conducted using a 
project  of  three  communities  in  rural  Nicaragua,  executed  by  a  not-for-profit 
organization called blueEnergy. The project in Nicaragua was then compared and 
analysed  against  a  similar  project  in  Africa,  which  had  already  been  found   Page 3 
 
successful. Conclusions were then drawn on how to improve on the successfulness 
and financial viability of these projects, together with some suggestions on further 
study.  
 
1.1 Objectives 
The inspiration for this study came from reading about various successful projects 
which had managed to do the seemingly impossible in keeping up the momentum 
after the initial project had ended. Similarly thought-provoking was the perceived 
lack of sharing of the lessons learned from various projects and studies. The work of 
Dr Tania Urmee (lecturer in Murdoch University) encouraged me to believe there 
might be some universal guidelines that can help in making a rural electrification 
project a successful one (Urmee 2009).  
From these initial thoughts the research questions were developed to look at the 
successfulness  of  the  case  study  project  and  how  a  non-governmental  rural 
electrification  organisation  and  the  donor  institutions  can  impact  the  ultimate 
financial viability of projects. The questions that this study is hoping to be able to 
answer are as follows: 
  Is the blueEnergy case study project a successful one? 
  How can a rural project in a developing country become financially viable 
after  the  initial  financing  from  the  (international  or  national)  donor 
organization has finished?   Page 4 
 
  Is  the  donor  organization  able  to  enhance  the  ultimate  financial 
sustainability of a project by its actions in the early stages of a project? 
 
In  addition  to  answering  the  questions  it  is  envisaged  that  from  the  literature 
review and the case study some trends emerge so that ideas and suggestions could 
be presented. Although the scope is very limited, this study aspires to give at least a 
modest contribution to the areas of project successfulness and financial viability, by 
encouraging further study especially in relation to the role of donor organizations in 
deciding the ultimate fate of rural electrification projects.  
 
1.2 Scope and limitations 
As a short Master’s thesis the scope of the study is rather limited and thus it was 
decided  to  only  concentrate  on  rural  electrification  projects  that  use  solar  PV 
applications  such  as  solar  home  systems  (SHS)  and  similar  simple  home 
electrification kits comprising of a small PV panel, charge controller, battery and a 
few CFL or LED lights. Larger village scale PV powered battery charging stations are 
also  included  but  no  village  mini-grid  applications.  This  limitation  was  mainly 
decided based on the set up of the blueEnergy case study project.  
In the literature review some of the examples include projects that have a larger 
portfolio  of  different  renewable  energy  applications,  but  for  the  purpose  of 
comparability and relevance the literature concentrating on small scale solar PV 
was especially sought out. Thus this study excludes wind, biogas, micro-hydro and 
biomass applications although they are recognized as very effective and popular   Page 5 
 
technologies used all around the developing world. Similarly examples of successful 
urban or semi-urban projects have been excluded, although this is also recognized 
as very much a booming market in developing countries at the moment.  
The  information  sought  from  the  review  is  of  general  success  factors  of  rural 
projects  that  are  applicable  to  a  large  range  of  projects  independent  of  the 
technology used (although the emphasis is still on solar PV). Financing of rural solar 
projects  takes  up  a  significant  portion  of  the  literature  review,  as  the  different 
methods of end user financing are looked at together with some proven successful 
financing methods. The barriers are briefly discussed only as they relate to financing 
of the projects, and finally the aim is to find examples of financially viable rural solar 
projects.  
In the case study project there was also a need to limit the scope of analysis only to 
the solar PV applications, although the  blueEnergy organization is working on  a 
wide range of different initiatives in the communities. Some of their other activities, 
such  as designing  and building  small  wind  turbines  locally,  are  discussed  in  the 
context of community development, but the solar PV is the only aspect that is 
covered in detail.  
 
1.3 Outline 
In this first chapter the scope and limitations of the research, as well as the initial 
research  questions  have  been  outlined.  The  second  chapter  goes  through  the 
methodology used in conducting this study. The third chapter covers the review of   Page 6 
 
existing  literature,  with  sections  on  challenges  specific  for  rural  solar  energy 
projects, success factors and the different aspects of financing such projects. The 
blueEnergy  case  study  is  presented  in  the  fourth  chapter,  with  site  specific 
background  information  as  well  as  details  on  the  project  implementation  and 
financing. Chapters three and four are drawn together in chapter five, where the 
blueEnergy project is compared with a similar, successful project to determine the 
ultimate successfulness of the blueEnergy project. The comparison findings are also 
discussed against the backdrop of the success factors from the literature review. 
The sixth chapter summarizes the research and case study, then goes on to present 
the conclusions and finally recommends areas of further study.  
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2.  Methodology 
The  research  was  carried  out  in  two  steps,  which  are  drawn  together  in  this 
dissertation.  The  flow  of  the  research  process  can  be  seen  from  Figure  1.  The 
literature  review  and  information  collection  from  the  blueEnergy  project  were 
commenced simultaneously in early 2010. The literature review was conducted as a 
desktop study with the aid of online databases, catalogues and searches through 
various  organization  websites.  The  aim  was  to  find  out  what  studies  had  been 
conducted in the area of successfulness and financing of rural solar electrification. 
With the blueEnergy project used as a case study, it was also necessary to research 
the  project  background  in  Nicaragua  and  the  general  geographical  and  socio-
economic aspects of the country’s isolated and rural Atlantic coast. Most of the 
information from Nicaragua was only available in Spanish, so care had to be taken 
to translate the documents correctly.  
The information gathering from the blueEnergy project management team took a 
considerable amount of time, as the team was very busy in finalizing the project at 
the time of initial contact. Once the initial information was received though, the 
project manager was very helpful and readily available for further enquiries and 
double-checking  of  information.  Due  to  the  delays  in  the  initial  information 
gathering from the project, the bulk of the analysis had to be done within a very 
short timeframe, which is assumed to somewhat have affected the quality of the 
end result.    Page 8 
 
 
Figure 1: The research methodology 
 
The literature and the information from blueEnergy were duly analysed in order to 
find  any  trends  and  general  ideas  in  the  area  of  success  factors  and  financial 
viability. The analysis process was enhanced by a comparative analysis and filtered 
into conclusions and specific suggestions on how to improve on the successfulness 
and financial viability of future blueEnergy projects. Some general suggestions were 
also  made  which  are  hoped  to  be  useful  for  similar  projects  elsewhere.  These 
conclusions were also drawn in order to answer the initial research questions set in 
the beginning of the research.  
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3.  Literature review 
The review part of this dissertation includes looking into any previous studies and 
past literature on the subject of the success factors/indicators of rural solar energy 
projects, the general issues and challenges on implementing and financing of these 
projects, as well as how successful and viable the different methods of financing 
have generally been. In order to do this a wide range of sources was utilized. The 
peer reviewed journals and scientific papers were the main source of information 
while studies done by international organizations like the UNDP, World Bank and 
IEA  were  utilized  as  well.  For  real  life  examples  on  the  successful  projects  the 
different project organizations’ own data and project analyses were used, where 
available and applicable. This chapter has been divided into three sections, in which 
the implementation challenges, success factors and financing are all looked at in 
more detail.  
 
3.1 Challenges in implementing rural solar energy projects 
A rural solar energy project can be defined as a project taking place in a remote 
area of a country where generally there is no access to electricity from a national 
grid. It is often deemed uneconomical by the local utility to extend the grid to these 
areas due to low population density and the area in question may be so remote and 
geographically isolated that it is not physically possible to install power lines in the 
region even if the government would back up the utility financially. The first step in 
any rural electricity planning is thus to determine the point at which it will be more   Page 10 
 
economical to consider an off-grid option rather than single-mindedly aim for the 
grid extension. The decision is often done on the national government level as a 
part of the rural development and electrification planning (World Bank 2008).  In 
addition to simply considering rural electrification as a financial decision, it should 
also be an important part of any regional socio-economic development planning for 
rural areas. The isolated rural areas are often very poor and disadvantaged due to 
lack  of  energy  services  which  would  enable  further  economic  and  human 
development. The lack of access to clean, reliable energy services acts as a catalyst 
in a vicious cycle of poverty, with diminished local opportunities and migration of 
the rural population to urban areas (UNDP 2010).   
Taking into consideration the numerous challenges in the areas where these rural 
solar energy systems are being installed, it is not surprising that the methods of 
implementation have to be well thought of and suitable for the area. In most cases 
successful implementation methods cannot be directly copied from one project to 
the next, but have to be designed for the particular requirements of each area, 
often to the level of each community within the project area. In the next section of 
project success factors the general implementation “best practises” will be covered 
and discussed in more detail.  
 
3.2 Success factors 
The  early  rural  solar  energy  projects  were  generally  short-term  donor-financed 
demonstration  projects  which  were  set  up  to  test  and  showcase  a  certain 
technology.  Often  there  was  no  continuity  planned  after  the  initial  project   Page 11 
 
implementation phase or the plan was to boost the solar industry in the donating 
country  by  making  sure  the  replacement  systems  and  spare  parts  were  only 
available  through  the  initial  technology  provider.  As  such,  a  large  number  of 
projects  completed  in  developing  countries  during  the 1970’s  and  1980’s  might 
have  initially  been  successful  but  they  were  not  self-sustaining  and  often  not 
replicable in any other location (Martinot, Chaurey et al. 2002).  
Since the general failure of the early projects several studies have taken place trying 
to  determine  what  the  factors  are  that  will  make  for  a  successful  project,  and 
whether or not there are any universal truths that can be applied to projects in any 
country. Some of the now generally accepted success factors have been gathered 
into Table 1 and will be discussed below in more detail.  
If there was one single failure that could be pointed out in the early rural solar 
electrification projects, it would be the complete lack of community involvement in 
all of the project phases. With the knowledge available today it seems surprising 
that the end users were not consulted in the project planning phase, nor were they 
generally involved in the installation or maintenance. The available literature on 
rural solar project success factors, for example (Martinot, Cabraal et al. 2001; Beck 
and Martinot 2004; Reddy and Painuly 2004; Balint 2006; Richards 2006; Alazraque-
Cherni  2008),  routinely  highlights  community  involvement  as  the  single  most 
important factor in achieving success and making a project self-sustaining. 
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Community 
Involvement  - 
Demand Analysis 
• The need for energy services is assessed 
• Clear understanding on both sides what is needed and wanted from the 
installed system and what the system will be capable of delivering 
• Site and resource analysis using local knowledge                                                                          
Community 
Involvement  - 
Capacity Building 
• The community is involved in the installation of the project, with thorough 
understanding of the system functions as well as limitations of the system 
• Suitable members of the community are trained in maintenance of the 
system 
• Community members are involved in manufacturing and retailing of spare 
parts, where possible                                                                                                          
Suitable Financing 
Mechanisms 
• The community's ability and willingness to pay are to be discussed with the 
community members 
• Organization of suitable lending, collection and payment mechanisms within 
the community (if none existing) 
• Finding of appropriate source of initial outside financing (MFI's, government 
schemes, international donations)                                                                                    
• Eventually (if not initially) creating a commercially viable, self-sustained 
financing mechanism                                                                                                                                                
• Government commitment to support the project in case there is a danger of 
lost momentum between the state of commercial viability and the end of 
outside donor financing 
Institutional Factors 
• Project is in sync with the existing government rural development and 
electrification plans 
• Correctly aimed subsidies (helping, not distorting, the market) 
• Simple regulative framework                                                                                                                                                             
• Reduced bureaucracy                                                                                                    
Suitable Technology 
• The most appropriate technology chosen based on community needs 
assessment as well as sound resource assessment 
• Correct and appropriate technical data to back up the assessment 
• System design is robust and least-cost over the lifetime of the system 
• Local maintenance skills and availability of spare parts                                                                                       
• The choice of technology should be the last point to be considered, after all 
the other factors have been thoroughly assessed                                                        
Table 1: Success factors of a rural solar energy project (Nieuwenhout, Dijk et al. 2001; Martinot, Chaurey et al. 
2002; Laumanns and Reiche 2004; World Bank 2008; Urmee 2009) 
 
Community  involvement  is  not  only  important  in  the  initial  project  design  and 
planning  phases  but  it  will  need  to  continue  all  through  the  project  until  the   Page 13 
 
systems are installed, running and commercially viable. The community leaders can 
often be approached through local or regional organizations that already have a 
presence in the area and the leaders can then be consulted on how to best organize 
their  community  in  assessing  the  needs  and  financial  means  of  the  community 
(World Bank 2008). It is important to hear from the community what are their 
needs and expectations regarding energy services, so that the correct technology 
can  be  chosen to  provide  the  services  needed.  Involving  the  community  in  the 
planning will also help to ensure that once the system is in place the end users 
within  the  community  will  be  familiar  with  the  technology  and  are  aware  of 
possible limitations of the system. Helping the community get organized around the 
initial planning will also help later on when a community body needs to be set up 
for  collection  of  payments,  arranging  for  maintenance  and  other  ad  hoc  duties 
related to the proper functioning of the installed system (Peters, Cobb et al. 2005).  
Institutional factors are in practice often the ones that may influence the initial 
planning and overall success of a rural solar energy project the most. As energy 
services and providing electricity to the communities have historically been the sole 
responsibility of national governments, the entire renewable energy industry is still 
very much influenced by the myriad of policies and subsidy structures that are in 
place in different countries (Reinmüller and Adib 2002; World Bank 2008; UNDP 
2010).  In most countries there are also strong lobby groups in favour of fossil fuels 
and centralized grid extensions against which the renewable energy (RE) projects 
must  be  competing.  A  successful  project  will  need  to  secure  the  support  of  a 
regional and/or national government prior to commencement of the project, not   Page 14 
 
only  to  make  sure  there  won’t  be  any  issues  later  on  regarding  the  installed 
technologies,  but  also  to  ensure  any  desired  financial  back-up  from  the 
government. There can often be a slight discontinuity in financing between the 
initial project funding running out and the project being fully commercially viable 
and self-sustaining, and this is where government funding is often needed (World 
Bank 2008). The financing in general is looked at in more detail in section 3.3.  
After the initial need and demand assessments have been completed, there is need 
to conduct a thorough technical assessment of the planned site, the available RE 
resources as well as all of the technologies suitable for the particular specifications 
of  the  community.  Where  the  early  rural  electrification  projects  chose  the 
technology first and then proceeded from there, the technology itself is nowadays 
known  to  be  less  important  to  the  success  of  a  project  than  the  other  factors 
(Peters,  Cobb  et  al.  2005).  Nevertheless,  there  is  need  to  do  a  thorough  site 
assessment, so that the technology chosen will match the available resource.  In the 
rural electrification projects the technology is in practise rarely able to function at 
its optimal level of performance as the aim is to maximize the reliability of the 
system  rather  than  simply  focus  on  the  maximum  efficiency  (Richards  2006).  A 
more  important  aspect  than  a  highly  efficient  technical  performance  is  also  to 
ensure that the technology chosen will match the energy service needs of the end 
users as well as the characteristics of the planned site. 
Ultimately, in order to be considered successful, a rural solar energy project will 
need to be determined so by the end user. As the end user needs, desires and 
situations vary greatly from project to project, a simplified indication of success can   Page 15 
 
be the providing of the end user a way to meet their particular energy needs in a 
way that is affordable and sustainable in the long term. The end users will need to 
be able to pay for the system providing the desired service and the system will need 
to  be  operating  in  a  way  that  does  not  endanger  the  future  wellbeing  of  the 
environment, the end user or any other parties involved in providing the service 
(Laumanns and Reiche 2004; Ilskog and Kjellström 2008).  
 
3.3 Financing 
A multitude of studies, for example (Martinot, Chaurey et al. 2002; Sonntag-O'Brien 
and Usher 2004; San Segundo Hernández and Rodríguez Monroy 2007; World Bank 
2008), have concluded financing to be the most crucial factor in a successful rural 
solar energy project. From the early donor-led charitable aid model where the end 
users  were  often  given  the  system  free of  charge  the  trend  has been  to  move 
towards more commercial end user financing models in the past couple of decades. 
The end users are now expected to at least contribute a significant amount towards 
the cost of their systems, if not fully pay for them, and the entire energy service 
system in the community is expected to eventually become self-sustained. In this 
section  the  basic  end  user  financing  models  used  in  Solar  Home  System  (SHS) 
dissemination are looked at in more detail. The section will also cover some of the 
barriers commonly found in financing rural solar energy projects. Some suggested 
financing  mechanisms  are  also  covered  together  with  discussion  on  long  term 
financial viability of a rural solar energy project.    Page 16 
 
3.3.1 End User Financing 
There  are  a  various  end  user  financing  models  currently  in  place  around  the 
developing world, with each model having a multitude of variations depending on 
the particular needs  of  the  end user  community.  In  Table  2  the  most  common 
concepts have been listed and they are discussed in more detail below.  
 
Direct Purchase  
(via End User Credit) 
• The end user pays for the system upfront and becomes the sole owner of 
the system 
• Funds for purchasing the system are obtained by credit from a 
microfinance institution (MFI) 
• Financing can be made available either to the supplier or to end user 
• The system supplier can also facilitate the credit, in which case the system 
will act as a collateral and the ownership will stay with the supplier until the 
system has been paid off                                                                                                                                     
Leasing/Hire-Purchase 
• The end user enters into a contract with the supplier (or a separate leasing 
company) 
• The system is paid for in instalments over an agreed period 
• The ownership of the system stays with the leasing agent until all 
instalments have been paid                                                                                                                                   
• Financing made available to the leasing agent directly from a donor or via 
MFI                                                                                                         
Fee for Service/ESCO 
• The end user only pays for the service provided by the system                                                                                                                                                                                                  
• The charge can be a flat monthly fee or charged according to a metered 
usage of electricity 
• The owner of the system is often an Energy Service Company (ESCO) or 
even a local utility 
• The owner of the system is responsible for the system maintenance                                                                         
• Financing made available to ESCO directly from a donor or via MFI                                                                                                                                       
Table 2: End user financing mechanisms (Adib, Gagelmann et al. 2001; Martinot, Cabraal et al. 2001; 
Nieuwenhout, Dijk et al. 2001; Martinot, Chaurey et al. 2002; Reinmüller and Adib 2002; Sonntag-O'Brien and 
Usher 2004) 
 
The most straightforward way for an end user to obtain electrification would be a 
direct cash purchase (without credit) of the Solar Home System (SHS). In practice   Page 17 
 
this  approach  will  only  work  for  the  more  affluent  members  of  the  rural 
communities due to the high cost of these systems. This initial capital cost is the 
area where most donor-funded financing is needed. In the direct purchasing model, 
if the end user cannot afford an outright payment for the SHS, the outside funding 
will  be  channelled  to  the  end  user  as  a  credit  arrangement  available  via  a 
microfinance institute (MFI) (Adib, Gagelmann et al. 2001). The end user will obtain 
a loan from the MFI, which will enable a direct cash purchase of the system from 
the supplier.  
It is possible that the end user might be deemed unsuitable for a loan by a MFI or, 
as the case often is, there might not be a suitable MFI operating in the particular 
area. In these cases there can be an option of leasing (renting) the system from a 
supplier or an independent leasing agent that will act as a middleman between the 
end user and the supplier. The funding from an outside source (or donor) will be 
channelled  to  the  leasing  agent,  or  the  leasing  agent  may  be  able  to  obtain 
financing  from  a  commercial  bank  which  can  be  used  for  purchasing  the  SHS 
(Reinmüller and Adib 2002). The end user will enter into an agreement with the 
leasing agent and the ownership of the system will stay with the leaser until the 
system has been paid off completely (at which point the end user becomes the 
owner of the system). For the duration of the leasing agreement the leasing agent is 
responsible for the system maintenance, while this responsibility will transfer to the 
end user once the system has been fully paid (Sonntag-O'Brien and Usher 2004).  
An often used financing model is called fee-for-service, which enables the end user 
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system. This is similar to the leasing model, but without the end user ever gaining 
the  ownership  of  the  system.  The  model  is  often  facilitated  through  an  (Rural) 
Energy Service Company ((R)ESCO), a local utility or a village energy committee 
formed for this purpose. The ESCO or other facilitating body supplies the end user 
with the SHS and is responsible for maintaining the systems as well as collecting the 
monthly fee from the end user. Any funding from an outside source for the initial 
purchase of the SHS can be channelled directly to ESCO, or there can be a MFI 
involved  if  the  facilitator  is  a  village  committee  or  other  non-commercial  body 
(Nieuwenhout, Dijk et al. 2001; Reinmüller and Adib 2002).  
3.3.2 Barriers 
As the barriers to renewable energy systems in developing countries have been 
extensively covered in the literature, by (Beck and Martinot 2004; Laumanns and 
Reiche 2004; Reddy and Painuly 2004; Wupperthal Institute 2006; Alazraque-Cherni 
2008) among others, it is not seen necessary to cover the topic in too much detail in 
this  context.  In  order  to  clarify  the  challenging  context  of  rural  solar  energy 
financing and the hurdles along the way to a successful project, some of the main 
barriers  and  challenges  in  regards  to  the  financing  are  briefly  discussed  in  this 
section.  
One of the main barriers in rural solar energy financing is gaining the initial access 
to low-cost and long-term financing (Karekezi 2002). As discussed in section 3.2 the 
challenges  of  gaining  financial  support  from  the  national  government  can  be 
difficult to overcome in the presence of often mismatched subsidy structures and 
rural  electrification  policies.  In  developing  countries  the  main  source  of  rural   Page 19 
 
electrification financing often comes in the form of aid from an international donor 
organization.  While  this  type  of  funding  is  often  very  low-cost  (as  it  is  a  grant 
donation rather than a loan), the real problem is the one-time, short-term nature of 
the funding. Even the longer term donor-funded projects tend to only run for a 
maximum  of  a  few  years  and  this  is often  too  short  of  a time  to  facilitate  the 
multitude  of  social  and  economical  changes  needed  to  make  a  project  self-
sustaining and commercially viable (World Bank 2008).  
On the other hand the wide-spread presence and availability of international grants 
and donations can badly distort the renewable energy markets in the developing 
countries, if care is not taken to make sure there are cost recovery mechanisms and 
active  creation  of  commercially  viable  renewable  energy  markets  (Martinot, 
Chaurey et al. 2002). In this context the availability of low-cost financing is only 
creating more barriers rather than solving them.  
The rural electrification market is considered a very high-risk, low-margin business 
where the transaction costs  (i.e. project planning, creation of financing and fee 
collection mechanisms, negotiating with local authorities etc) are generally around 
10-20%, while in more traditional industry projects these costs can be as low as 2-
3% (Rogers, Hansen et al. 2006). This kind of a business landscape is not ideal in 
attracting  traditional  commercial  financing  for  the  projects,  and  more  positive 
examples  of  viable  commercial  business  models  are  sorely  needed  in  order  to 
slowly  educate  the  commercial  financiers.  The  lack  of  knowledge  within  the 
financial  sector  about  the  nature  of  renewable  energy  projects  in  general  is  a   Page 20 
 
severe  hindrance  in  gaining  suitable  financing  for  a  rural  solar  energy  project 
(Rogers, Hansen et al. 2006; Alazraque-Cherni 2008).  
Most of the challenges in rural solar electrification financing are so-called macro-
barriers, in that they are more imminent in the higher levels of decision-making and 
initial  project  planning  (Alazraque-Cherni  2008).  These  types  of  barriers  are 
generally to do with national or  international policies and  can be impossible to 
change within the context of a single project. The challenge is to find the most 
suitable  financing  mechanism  for  any  particular  project  which  would  have  the 
highest potential to deliver a viable electrification solution in the presence of the 
macro-barriers of the particular project area.  
In the other end of the financing spectrum is the so-called micro-barrier of the end 
users’ ability to pay for the energy service provided. In developing countries where 
the end users often have limited or no access to regular income this is often the 
biggest challenge which ultimately need to be considered when deciding on the 
suitable  financing  method  (Adib,  Gagelmann  et  al.  2001;  Laumanns  and  Reiche 
2004; Alazraque-Cherni 2008; OECD and IEA 2010).  
3.3.3 Successful approaches to accessing financing 
As the initial capital cost can be very high in rural solar energy projects, improving 
the access to initial seed financing can be the best way to encourage the growth of 
a  project  into  a  commercially  viable  business.  Organizations  like  Rural  Energy 
Enterprise Development (REED), initiated by UNEP, can help a budding solar energy 
business  access  the  initial  seed  financing  by  taking  higher  financial  risks  than 
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access to financing REED and other such facilitators like the US-based non-profit 
organization E+Co can help a start-up business with additional supportive services 
such as business and financial planning as well as managerial and organizational 
training (Rogers, Hansen et al. 2006). The source of financing for such facilitators is 
ultimately  donations  from  international  aid  organizations  and  development  aid 
from governments. Thus the responsibility of changes in the financing mechanisms 
ultimately lies with the donor organizations as they have the power to decide which 
way the financing is channelled so that it best reaches and develops rural solar 
projects (Sonntag-O'Brien and Usher 2004).  
As  mentioned  in  the  previous  section,  the  cost  of  attracting  and  facilitating 
financing for rural electrification projects is generally very high and thus it makes 
sense  to  combine  small  decentralized  projects  into  a  larger  loan  program.  This 
approach  is  often  used  by  the  World  Bank,  for  example  in the  Asia Alternative 
Energy Program (ASTAE) or the Global Environment Facility (GEF) supported PERZA 
program in Central America (see chapter 4 for details on PERZA) (Sonntag-O'Brien 
and Usher 2004). These programs have been used as a financing umbrella under 
which various projects have been taking place in several different countries. The 
financing becomes easier for the individual projects to obtain once they have been 
accepted under such an umbrella program.  
Available local credit would be an ideal way of obtaining financing for a rural solar 
electrification project, but often this is not available at all, or the local commercial 
financing institute will consider the risk too high. When donor financing is available, 
an existing local financing institute could be utilized as an intermediary only, which   Page 22 
 
lessens or removes the risk. In doing so the local financing institute gains valuable 
experience  in  the  new  area  of  RE  business  and  can  develop  suitable  ways  of 
working without having to carry the bulk of the financial risk. In order to achieve 
this, the donor organization needs to know the local financing structure and be able 
to work together with them (Sonntag-O'Brien and Usher 2004). This can often be 
too  large  of  a  challenge,  especially  when  the  donor  organization  is  new  to  a 
particular area or when the project is only due to run for a short term in which case 
the effort of creating local contacts and cooperation models may be beyond its 
scope. Successful examples of this approach are IREDA and IDCOL organizations 
located in India and Bangladesh, respectively. These organizations were formed to 
act as an intermediary between the international donor organizations and the local 
financing institutions, thus enabling the small local organizations to enter the RE 
market by securing and funnelling the financing from the international donors on 
behalf of them (Beck and Martinot 2004; Urmee 2009).  
3.3.4 Financial viability 
The term viability in this context is taken to mean that the financing for a project is 
secure even after any initial donations or other types of financing have ended. In 
practise the only way  often to ensure this is that the project has been able to 
establish  self-sustaining  means  of  financing  either  by  becoming  a  commercial 
enterprise or establishing a fully independent revolving fund.  
A revolving fund is most often initialized with a donation given for this purpose. A 
suitable, although often relatively large, amount of money is set aside, from where 
small loans to the end users can be facilitated. The idea is that the terms of the loan   Page 23 
 
repayments and interest rates are in sync with the size of the fund, so that the small 
interest replenishes the fund and any existing loans are repaid in such time that 
allows the new loans to be given out as required and the fund never runs out. In 
practise this has often been a difficult balance to achieve (Wupperthal Institute 
2006). It can also be challenging to obtain a large enough initial donation for the 
fund to be able to operate flexibly. The need for loans has to be well-balanced and 
evenly scattered over a large period of time in order to be able to operate the fund.   
A sound commercial micro, small or medium sized enterprise (MSME, or simply 
SME) can be the best way to ensure the financial viability of a rural solar project, 
but this has often been the hardest goal to achieve. Donor-financed programs have 
historically failed to make the transfer from a short term project to a long term 
viable market-oriented business. This can be understood when looking at the way 
the  projects  have  been  conducted  in  the  early  days,  when  the  mismanaged 
financing from the donors may have contributed to distorting the markets as well 
as creating false expectations in the end users. In the end there would have been 
no longer an incentive to set up businesses to facilitate the rural solar electrification 
as  communities  got  used  to  receiving  the  energy  services  free  as  a  part  of 
technology demonstration projects  (Rogers, Hansen et al. 2006). From the early 
days the understanding of the importance of making projects financially viable in 
the long term has increased. Although some of the mechanisms used in project 
financing  may  still  not  be  ideally  geared  towards  encouraging  market-based 
commercial approaches, the understanding and willingness to find better solutions 
exists (Martinot, Chaurey et al. 2002).     Page 24 
 
There  are  some  particularly  successful  examples  of  solar  energy  SMEs  found  in 
Central  America.  In  Nicaragua  there are  two  commercially  operating companies 
selling and installing SHSs and other solar products in rural areas. Managua-based 
Tecnosol started selling small solar PV systems in 1998 and has since branched into 
large PV systems, solar thermal, wind and small hydro applications as well (Tecnosol 
2010). Empresa de Comunicaciones (ECAMI) was founded in 1982 in Managua as a 
rural telecommunications company but since 2004 it has solely concentrated on 
solar PV, solar thermal and small wind. They have recently started to branch into 
microfinancing as well, since they noticed that the lack of available financing to the 
end users was negatively affecting their business (ECAMI 2009). Another successful 
example is Soluz Inc, which is based in the United States but has operations and 
subsidiaries in Honduras and Dominican Republic. They have developed their own 
Rural Energy Delivery Company (REDCO) model selling SHSs commercially in rural 
areas (Soluz 2010). In order for the SMEs to be able to function the end users will 
need to have access to financing and be earning at least a modest income to be 
able to purchase the SHS on a commercial basis. In practice a commercial operation 
is  often  not  possible  without  a  form  of  public-private  partnership  financially 
supporting both the SME as well as the end users, until the rural economies mature.  
A key factor in ensuring the financial viability of a project is to take a long-term view 
in all of the project aspects. From early on there is a need to plan for longer than 
just the first few years of the initial project. This means engaging in a dialog with 
the local and national government bodies which often hold the key to whether or 
not a project is viable in the long term. The government can back up long term, low   Page 25 
 
interest  loans  which  go  beyond  the  initial  project  installation  stages.  In  several 
studies the concept of public-private partnerships is hailed as the only viable long 
term solution (Martinot, Chaurey et al. 2002; Rodríguez Monroy and San Segundon 
Hernández  2008).  This  partnership  can  take  a  form  of  a  market  facilitation 
organization (MFO), as was the case in India with IREDA. In the absence of existing 
organizations (or lack of government resources) the various NGOs already involved 
in the rural solar projects may need to take on the role of MFO to ensure project 
continuity and viability.   
As  mentioned  in  the previous  section,  the  international  and  national donor  aid 
organizations have a key role in rural solar energy projects from the initial capital 
costs to the long term project viability (Rogers, Hansen et al. 2006). The majority of 
the funding in any stage of the project is channelled through these organizations 
both as donations and loans, which gives the donor organizations the power to 
influence on how the projects are organized in terms of long term financial viability.  
Monroy and Hernández (2008) call for a “climate of cooperation” to bring together 
the various contributors to any renewable energy project and get them to agree on 
a common code of practice on how to best conduct projects from planning and 
installation through to the long term viable enterprises. Due to the multitude of 
players in any project from international, national, local and community levels, this 
is not an easy task. The existence of such organizations as UN and World Bank, with 
their various institutions, can help in wide dissemination of lessons learned as well 
as  in  creating  some  level  of  common  practices.  The  problem  with  such  big 
organizations is that while they try to take care of the big picture it is impossible to   Page 26 
 
handle  the  small  details  in  various  countries  and  regions.  As  also  mentioned 
previously, a single model of financing and organizing a project is not likely to work 
for the myriad different locations and communities around the developing world.  
 
3.4 Summary 
This chapter was based on the available literature in the areas of rural solar energy 
success factors, financing and the long term viability of a projects. In the beginning 
the challenges and peculiarities of a rural solar energy project were outlined to set 
a  backdrop  against  which  the  successfulness  and  viability  could  be  examined. 
Section  3.2  discussed  the  widely  accepted  success  factors  of  rural  solar  energy 
projects and highlighted the importance of community involvement and supportive 
institutional  structures.  Section  3.3  was  divided  in  four  subsections,  the  first  of 
which  outlined  the  most  common  methods  of  end  user  financing.  The  barriers 
caused by conventional commercial financing not being readily available were also 
discussed, as well as the high transaction costs of renewable energy technologies in 
general affecting the rural solar projects. Some alternative financing methods were 
covered, before finally examining the factors influencing the long term financial 
viability of rural solar energy projects. Some main issues were found to be a smooth 
transition from a donor-led project into a commercially viable small or medium 
sized  enterprise  (SME),  supported  by  a  network  of  public-private  partnership 
initiatives. In the literature there is a call for wider cooperation between the myriad 
players in the field of financing rural electrification projects; the lack of which at the 
moment is a major challenge to the long term viability of these projects.    Page 27 
 
4.  Case study: blueEnergy Nicaragua 
This fourth chapter covers the blueEnergy project in rural Nicaragua which is used 
as a case study to mirror the success factors and financing methods found in the 
literature review.  Section 4.1 covers general background information for Nicaragua 
and the region where blueEnergy is working, while section 4.2 presents the project 
including the technical and financial details.  
blueEnergy was chosen as a case study due to the relatively short history and small 
size of the organization. It was thought that such an organization would still be in 
the early stages of the learning curve and could benefit from a study on how to 
improve the successfulness and financial viability of its projects. The organization 
was initially found through the researcher’s personal connections in Nicaragua and 
the project management was helpful and eager to take part in the study, when 
approached.  
As covered in more detail in section 4.2, blueEnergy’s goal is to improve the quality 
of life of the communities in the poorest and most isolated part of Nicaragua. They 
are hoping to do this by taking a holistic community development (HCD) approach 
which is centred on providing sustainable energy services to the communities. This 
in turn is done by installing solar home systems (SHS) to individual households in 
addition to a small community battery charging station with a hybrid solar-wind 
system. The solar systems will be studied in more detail, while the wind turbines as 
a  technology  are  outside  the  scope  of  this  study.  The  wind  turbines  will  be 
mentioned  only  as  a  part  of  the  holistic  approach,  together  with  the  other 
community development activities blueEnergy is engaged with.    Page 28 
 
4.1 Nicaragua background information  
This section paints the background for the case study project by explaining the basic 
socio-economic and geographical background of Nicaragua, as well as the current 
energy status of the country. The region where blueEnergy is working is covered in 
more  detail  to  give  the  reader  an  understanding  of  the  particular  challenges 
communities and NGOs in the area are facing.  
4.1.1 Geography 
Nicaragua is the largest country of the Central American peninsula, bordering with 
Honduras in the north and Costa Rica in the south. The country is limited by the 
Pacific Ocean in the west and by the Caribbean Sea/Atlantic Ocean in the east, as 
can be seen from Figure 2. As the country is located around a latitude of 13N and a 
longitude of 85W, the climate is hot and humid all year round with a rainy season 
over the summer months from June to September (CIA 2010). The geographical 
profile of the country varies from the vast tropical lowlands of the Atlantic coastal 
plains to the rugged mountain highlands of the Central region before levelling off 
again to a small Pacific coastal plain. The Atlantic coast gets more rainfall than the 
western part of the country, and this area is also very vulnerable to tropical storms 
and hurricanes from the Atlantic.  In addition to violent storms the country is also 
susceptible to earthquakes and volcanic eruptions due to its location on the often 
unstable Caribbean plate (INETER 2010).   Page 29 
 
 
 
 
Figure 2: Map of Nicaragua (CIA 2010) with the Southern Atlantic Autonomous Region (RAAS) in the close-up, 
showing the blueEnergy project communities (Zonu 2010) 
 
The country is divided into 17 administrative areas (departamentos), out of which 
the two largest ones are the autonomous regions by the Atlantic coast (Región 
Autónoma del Atlántico Norte RAAN and Región Autónoma del Atlántico Sur RAAS). 
Due to the autonomous nature of these regions, there are multiple complicated 
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layers of governing. The national government asserts its power on some areas (like 
collecting  revenues),  while  the  various  indigenous  groups  in  the  area  have  also 
been given self-governance independent from the regional government (WRI 2005; 
INIFOM 2010). In practice the presence of neither national nor regional government 
is felt in the remote Atlantic coastal areas, apart from the small schools and health 
clinics built in most communities. The communities also have small military bases 
which have taken on the role of police in the area (Van Dam 2010).  
The blueEnergy project took place in the Southern Atlantic Autonomous Region 
(RAAS), which is the most remote and poorest part of Nicaragua. The area is part of 
the  tropical  Atlantic  lowlands,  with  high  humidity  and  rainfall  and  average 
temperatures  of  27°C  all  year  round.  The  area  is  also  extremely  susceptible  to 
hurricanes from the Atlantic Ocean.  
There are no roads into the coastal areas of RAAS apart from some small jungle 
tracks and the coastal communities can only be accessed by boats via the numerous 
rivers or the sea. Even Bluefields, the coast’s largest urban area with approximately 
30 000 inhabitants does not yet have a road leading to it from the western part of 
the country and access to it is only by flying in or taking a boat from the city of El 
Rama located more than 50 kilometres west of Bluefields (ViaNica 2010).  
4.1.2 Socio-economic status 
Nicaragua is one of the poorest countries in the world and the second poorest in 
the western hemisphere after Haiti. Out of the population of 5.6 million, 46% of the 
people live below the poverty line and 18% in extreme poverty (living on less than 
$1 per day). 70% of the poor live in rural areas, out of which the South Atlantic   Page 31 
 
Autonomous  Region  RAAS  is  the  poorest  and  most  isolated  (PUND  2007). 
Countrywide gross domestic product per capita was a little over 1200 USD in 2008 
and the life expectancy at birth in 2007 was on average 72 years, with females 
expected to live slightly longer than males (UNDP 2009).   
Agriculture is the basis of the economy in Nicaragua, but it faces multiple challenges 
from extreme weather events, soil erosion and general land degradation. The lack 
of basic infrastructure in the isolated agricultural areas like RAAS often prevent 
efficient  utilization  of  the  natural  resources  to  generate  income  and  thus 
agricultural activities are often only taken on as a means of a family subsistence. 
Further problems in the rural areas come from difficulties in obtaining ownership of 
the land, lack of social and educational infrastructure as well as having no access to 
credit (UNDP 2002).  
The isolated communities of RAAS often face these issues at their most extreme 
levels, with vast areas cut off from the rest of the country and thus having very 
limited or no possibility to sell their produce or engage in any other activities to 
generate income. The main economic activities in RAAS are fishing (in the coastal 
communities) and agriculture (in the inland communities), with a few farms around 
the area producing dairy products and meat. The main agricultural products in the 
area are rice, beans, corn and coconuts which are mostly consumed within RAAS 
rather than exported to other parts of the country (FADCANIC 2006).  
The population in the RAAS area consists mostly of indigenous groups, the largest 
of which are the Rama and Kreole tribes, together with descendants of the English 
colonialists  and  the  slaves  they  brought  in  from  Jamaica  and  elsewhere  in  the   Page 32 
 
Caribbean  (FADCANIC  2006).  The  general  income  level  in  the  communities 
blueEnergy works in is around 300 USD/family/year. Family size is often around 10-
15 people, as grandparents, cousins and other relatives all live together (Van Dam 
2010).  
Overcoming the disparities between the under-privileged Atlantic coast and the 
rest  of  the  country  is  one  of  the  major  challenges  for  Nicaragua  and  the 
international aid organizations like UNDP working in the country.  
4.1.3 Energy 
Nicaragua has no domestic reserves of fossil fuels (which it could afford to exploit), 
thus it needs to import all of the 1.5Mtoe of petroleum products it requires for 
energy  and  transport  each  year.  The  largest  domestic  energy  sources  are 
combustible renewables e.g. firewood (2Mtoe per year) and geothermal plants in 
the country’s volcanic Central region which generate around 0.2Mtoe per year (IEA 
2007; INE 2009). Hydroelectric power generation is of particular interest to the 
current  government  under  the  auspices  of  the  World  Bank  financed  PERZA 
(Proyecto de Electrificatión Rural para Zonas Aisladas) project, and there are several 
hydro projects over 30MW ongoing with an overall estimated generation capacity 
of  around  1000MW  (MEM  2010).  PERZA  has  been  running  since  2003  as 
cooperation between the Nicaraguan national government and the World Bank and 
it has recently been extended until the end of 2011. The goal of the project is to 
create  off-grid  solutions  to  rural  electrification  throughout  Nicaragua  and 
strengthen the government’s experience in off-grid solutions (World Bank 2010). 
The project has mainly been focusing on large-scale hydro power and as the RAAS   Page 33 
 
area is relatively flat the available hydro resource is not very good for large-scale 
generation and thus, there are currently no PERZA projects within RAAS (FADCANIC 
2006). 
The  available  renewable  energy  resources  are  good  for  solar,  wind  and  micro-
hydro. As Nicaragua is located in the tropics, the available solar irradiation is very 
good, averaging around 4.5-5 kWh/m²/day (SWERA 2003). The country’s location 
between the Pacific and Atlantic Oceans ensures generally abundant wind resource 
especially  around  the  coasts  and  on  the  mountainous  Central  region,  with  the 
annual average wind speed in Bluefields around 5m/s (Van Dam 2010). The high 
annual rainfall of 2500-6000mm on the Atlantic coastal plain and 1000-2000mm on 
the Pacific coastal plain supply plenty of flow to the rivers for localized micro- and 
pico-hydro  applications,  especially  slightly  away  from  the  coast,  closer  to  the 
Central region (INETER 2010).   
Due to the PERZA project there has been an increasing interest in renewable energy 
sources, but countrywide the amounts generated with anything other than hydro or 
geothermal remain small. In 2009 things moved forward with the opening of a 
40MW  Amayo  wind  farm  in  the  southern  Pacific  region,  which  was  the  first 
operational wind farm in Nicaragua and currently the largest in Central America 
(INE 2009). Still, most of the renewable energy systems installed are small-scale 
village or household systems.  The lack of the most basic infrastructure, gaps in 
technical knowledge as well as having no access to credit effectively limit the access 
to these technologies for the poorest. In recent years there has been a strong push 
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this  gap  and  create  a  dialogue  between  the  central  government  and  the 
autonomous regions to help the people gain access to better energy services these 
renewable energy systems could provide (PUND 2007).  
Currently only 20% of the approximately 300 000 people living in the RAAS area 
have access to electricity, all of which live in semi-urban areas. Bluefields is the only 
town connected to the national electricity grid although the service at the end of 
the long 69KV distribution line is unreliable at the best (ENATREL 2008). The other 
semi-urban areas in RAAS have small diesel or mini-hydro power plants with village 
distribution grids, but the service suffers from frequent blackouts due to system 
overload and poor transmission infrastructure and is generally only available for a 
few hours per day (FADCANIC 2006; INE 2009; Solar Energy International 2010).  
 
4.2 blueEnergy project 
BlueEnergy  Group  is  a  non-profit  development  organization  with  administrative 
offices in the United States and France and a field office in Bluefields, Nicaragua. 
The organization was founded in 2003 by Mathias Craig together with his brother 
Guillaume  Craig  and  a  friend  Lâl  Marandin.  The  mission  of  blueEnergy  is  to 
“improve  the  lives  in  marginalized  communities  using  a  holistic  approach  to 
sustainable  energy  and  related  fundamental  services”  (blueEnergy  2010).  The 
approach blueEnergy takes is to provide the basic energy services to the isolated 
communities of the RAAS region of Nicaragua, and linking the energy systems to 
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appropriate  financing  mechanisms.  The  aimed  outcome  is  increased  community 
empowerment  and  creation  of  economic  opportunities  for  the  communities 
involved (blueEnergy 2010).  
In this section the blueEnergy project will be presented, including the initial goals of 
the  project  and  information  on  the  installation  and  financing.  Unless  otherwise 
stated,  the  information  in  this  section  has  been  gained  from  personal 
communication with the project manager of blueEnergy, Esteban Van Dam.  
4.2.1 Goals and stakeholders 
The initial goal of the project was to develop 3 communities within the Southern 
Atlantic Autonomous Region (RAAS). The approach used by blueEnergy was to bring 
electricity  generated  by  renewable  energy  technologies  (solar  and  wind)  to  the 
communities, together with educational and organizational assistance. This in turn 
is hoped to eventually assist in developing a viable economy generating income for 
the community to maintain the energy systems as well as improve the quality of life 
for these communities.  
The communities chosen to take part were Monkey Point, Kahkabila and Set Net 
Point (see Figure 2 for a map), which have a population of 150-500 people each.  
None  of  these  communities  had  any  energy  infrastructure  in  place  before  the 
project, thus no access to electricity. Candles, simple home-made kerosene lamps 
and a few poor quality torches were the only means of lighting, all of which were 
too expensive to be used on regular basis. The communities are only accessible by 
river  or  sea,  which  makes  them  very  isolated.  The  distance  between  these   Page 36 
 
communities and Bluefields is 50-100km, which takes several hours to travel on 
small boats on rough seas.  
In  order  to  be  able  to  function  in  these  communities  blueEnergy  sought  to 
cooperate with the governing body of the local indigenous groups, GTR-K (Gobierno 
Territorial Ramas y Kreoles). The three communities were chosen in cooperation 
with GTR-K, based on where there already was a suitable presence in the area from 
both  GTR-K  and  blueEnergy  collaborators.  Monkey  Point  is  one  of  the  key 
communities in the southern part of RAAS and was the most willing and eager to 
utilize the help from blueEnergy. Kahkabila is the largest and the most organized of 
the three communities, while Set Net Point is the smallest community with some 
tensions between the local groups due to a recent death of a respected community 
leader. There the desire for community empowerment and involvement gained by 
installing the solar-wind hybrid system is still seen to be relatively fragile.  
With the help of GTR-K leaders and village elders blueEnergy was able to set up 
village committees in each of the community, to maintain the electricity systems 
and oversee the microcredit lending program. In addition to the village committees 
the end users were also taking part in the planning and installation through general 
village meetings (asamblea comunal), which were held monthly as the blueEnergy 
project personnel visited the village from Bluefields. This ensured the end users 
were  fully  aware of the  project  steps  and  knowledgeable of the  systems  to  be 
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4.2.2 System installation and maintenance 
The  typical  system  installed  by  blueEnergy  consisted  of  a  main  village  battery 
charging  station  with  a  hybrid  solar-wind  system  consisting  of  a  locally 
manufactured 1kW wind turbine and one or two 100W solar panels connected to a 
bank  of  eight  6V  batteries.  The  charging  station  hybrid  system  also  provides 
electricity for the village school, church and health clinic. In order to be able to 
utilize the charging station the end users would purchase a Home Lighting System 
(HLS) which included a 12V/105Ah sealed lead-acid battery, a charge controller and 
a few compact fluorescent (CFL) or LED light bulbs utilizing DC current. The HLS 
could be installed with an additional DC plug for small appliances such as a radio, 
re-chargeable lantern, mobile phone etc. People living in more remote parts of 
these communities, without easy access to the charging station, purchased a similar 
HLS kit but with an addition of a small 14W individual solar panel for charging the 
battery (Craig 2007; blueEnergy 2009). During this project around 100 systems were 
installed, and the overall amount of beneficiaries (through lighting of the schools, 
churches and health clinics, in addition to homes) is estimated to be around 1500 
(Grigsby Vergara 2010). Figures 3-5 show the systems components.    Page 38 
 
 
Figure 3: A happy end user with a wall mounted battery/charge controller unit (blueEnergy 2009).  
 
 
Figure 4: An individual PV panel mounted on a roof (blueEnergy 2009).   Page 39 
 
  
Figure 5: An HLS with a wall-mounted charge controller/DC plug and a separate battery container on the floor. 
(blueEnergy 2009) 
 
In Table 3 below the system components and costs for the Monkey Point HLS are 
listed. As each of the communities was worked with separately one at a time, some 
of the components in different communities varied slightly depending on what was 
available at any particular time. The system cost was also affected by whether or 
not an individual PV module was installed, the capacity of the battery required, the 
amount  of  light  bulbs/plugs  requested  and  the  amount  of  cabling  and  other 
miscellaneous  items  needed.  Each  of  the  installed  HLS  kits  was  put  together 
according  to  the  end  user  needs  and  ability  to  pay.  Also  if  a  certain  part  was 
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an alternative option for the next phase of installations. The cost of components 
listed below is thus only indicative, with the average total cost of the HLS system 
being around 200-250 USD.  
Item  Details  Cost (USD) 
Solar Panel  14W  65 
Battery  Trojan 12V (7-105Ah)  30-150 
18 LED  Tecnosol 2 W   14 
CFL  Max Solar 5 W  10 
Charge Controller  Phocos 5A  25 
Panel Frame   1" x 3.4", 3m  6 
Cable  #16  8 
Miscellaneous  Box, sockets, switches, etc  5-15 
Table 3: The cost of the Home Lighting System (HLS)  
 
The maintenance of the village charging station as well as the home system was 
entrusted  to  the  village  energy  committee,  with  the  help  of  the  blueEnergy 
technicians. Selected individuals from the village energy committee were trained at 
the  blueEnergy  Bluefields  headquarters  in  system  installation,  repair  and 
maintenance, in order to enable them to deal with the most common issues that 
may arise between the monthly community visits by blueEnergy. After the initial 
installation a blueEnergy technician continues to be available to the communities 
and every time a community is visited by blueEnergy personnel there is a technician 
accompanying the crew.  
As  it  is  not  yet  possible  to  obtain  solar  panels,  specific  charge  controllers  or 
batteries manufactured in Nicaragua, all of the spare parts for the solar system will 
need  to  be  imported  from  abroad,  typically  from  China.  These  were  generally 
ordered in bulk directly from the manufacturer or through a local retailer Tecnosol   Page 41 
 
when only a few items or spare parts were needed. The CFL and LED light bulbs are 
available for purchase in Managua, but as the members of the communities are 
generally not able to travel to the capital, blueEnergy maintains a small stock at the 
Bluefields headquarters, together with a stock of spare parts for the solar system. 
The wind turbines are manufactured in Bluefields from locally available materials, 
thus  obtaining  spare  parts  for  them  is  easy  and  fairly  inexpensive.  The  wind 
turbines generally require much more onsite maintenance than the solar panels, 
making them more expensive.  
4.2.3 Financing 
The project received funding for three years (2007-2010) from a Dutch international 
aid organization Hivos. This funding was enough to cover the full cost of the solar 
panels,  wind  turbines  and  the  home  electrification  kits,  as  well  as  the  project 
related overheads, e.g. logistics of personnel and the system components. Despite 
the donor covering the full cost of the energy systems the end users were required 
to  pay  20%  of  the  cost  of  the  HLS.  These  payments  were  deposited  into  the 
communal fund for the future maintenance and spare part expenses. From their 
earlier  energy  and  community  development  projects  with  these  communities 
blueEnergy had learned that a fee for service approach was not suitable there, and 
in order for the end users to appreciate and maintain the system well, they had to 
pay for and own the system outright.  
As typical HLS set up would cost around 200-250 USD, the end user would pay 
around 40-50 USD for the system upfront and the ownership of the system was 
transferred over to the end user. In addition to that the households located close to   Page 42 
 
the charging station would pay around 0.80 US cents for each recharge of their 
battery. The initial payment was beyond what the households could afford to pay in 
one instalment, so blueEnergy facilitated access to a local micro-finance institute 
The  Association  for  the  Development  and  Promotion  of  the  Atlantic  Coast 
(ADEPHCA). With help from blueEnergy a finance committee was set up in each 
village to apply for the loan, collect the payments within the village and administer 
the repayment to ADEPHCA, so that there was no need for each household to apply 
for  the  loan  separately.  The  financial  committee  also  administered  the  battery 
recharge payments which were collected into a communal fund to pay for future 
maintenance and repair costs of the system.  
Currently the initial system and battery recharge payments alone are not enough to 
make the financing self-sustainable. Without means of generating extra income the 
villages cannot afford any additional payments, and some are regularly struggling 
with the small recharge fees. blueEnergy is currently working on securing further 
funding  from  Hivos  to  maintain  the  installed  systems  and  continue  with  the 
organizational and capacity building work done in the communities. The aim is to be 
able  to  secure  future  funding  until  economic  opportunities  outside  of  these 
communities can be explored, which in turn will help finance the maintenance and 
expansion  of  the  installed  energy  systems.  Benefiting  from  the  economic 
opportunities  outside  of  the  communities,  such  as  selling  fish  or  agricultural 
produce in Bluefields, will require overcoming various institutional hurdles, which 
blueEnergy alone has no control over. These are discussed further in chapter 5.   
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4.3 Summary 
The founder of blueEnergy, Mathias Craig, has said that it is very hard to develop 
when there is no development to begin with (Solar Energy International 2010). In 
blueEnergy’s  view  access  to  energy  services  is  needed  in  all  areas  of  human 
development and thus it is at the heart of their approach in Nicaragua. They have 
chosen to work in the most isolated and poorest regions of one of the poorest 
countries in the world, helping communities to gain access to basic energy services 
so that these communities can then further develop other aspects of their lives. 
blueEnergy is not only providing the communities access to energy services, but is 
also  actively  involving  in  community  organizing,  health  care  initiatives  and 
education through projects done with various donor organizations. 
In  2007 blueEnergy  gained  funding to  improve  the  access  to  energy  services  in 
three isolated communities on Southern Atlantic Autonomous Region RAAS. The 
area is extremely isolated with no access by road, no electricity and very few basic 
services available only in scattered semi-urban areas away from the remote jungle 
communities. By the beginning of 2010 blueEnergy had completed the installation 
of three solar-wind hybrid systems and around 100 individual home electrification 
kits in the three project communities. The work on capacity building, cooperation 
and income generation is still ongoing and will likely be for several years to come. 
The scale of the challenges, starting with the most basic logistics, is too large for a 
single  project  to  bridge  in  only  a  few  years.  blueEnergy  has  a  long-term 
commitment to the area and is continuing to explore ways with the communities to   Page 44 
 
set  up  commercial  initiatives  from  a  fishing  cooperative  to  a  small-scale  eco-
tourism.  
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5.  blueEnergy and Solar Energy Foundation: comparative analysis  
In order to be able to comment on the successfulness of the blueEnergy project, 
this chapter will compare the project with a similar project as well as measure the 
project  against  the  general  success  factors  of  rural  energy  projects  outlined  in 
chapter 3. Other successful project set ups will also be discussed in the context of 
finding suitable future models for the blueEnergy projects.  
For the purpose of a useful comparison similar small-scale rural donor-financed 
NGO projects were hoped to be found in Latin America (or elsewhere in the world). 
This proved to be a rather challenging task and eventually it had to be concluded 
that the most similar projects to blueEnergy were only found in Africa. The rural 
solar projects in Latin America were mostly commercial SMEs or large-scale World 
Bank and government supported projects (Rogers, Hansen et al. 2006). In Asia the 
successful  projects  found  were  often  involving  a  government  agency  and  again 
were  at  much  larger  scale.  Thus,  these  projects  were  not  comparable  to  the 
blueEnergy project.  
The very isolated and poor area of Atlantic coast where blueEnergy works is seen as 
the defining factor in determining both the project success as well as its financial 
viability. In attempting to service the poorest of the poor blueEnergy is similar to 
NGO-led  projects  in  sub-Saharan  Africa  where  the  population  is  also  extremely 
poor, isolated and often without the means to generate a regular income.  
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5.1 Solar Energy Foundation (SEF)  
Solar Energy Foundation (Stiftung Solarenergie in German) is a German-based NGO 
founded in 2005. SEF is working to alleviate poverty with the help of renewable 
energy sources, especially solar; and the ultimate goal of the organization is to 
promote  health  care  and  education  in  the  impoverished  rural  areas  of  Africa. 
Developing a local economy and helping people to buffer against crop failures by 
having additional income generating options is also a priority. At the moment SEF 
only works in Africa, where they have set up a network of franchised Solar Centres 
and a school for solar technicians, encouraged by the successful electrification of 
Rema village in rural Ethiopia (Stiftung Solarenergie 2010). The work of SEF was 
recognized  with  the  prestigious  Ashden  Award  for  Sustainable  Energy  in  2009 
(Ashden Awards 2009).  
SEF  is  financed  by  various  European  and  international  donor  organizations,  in 
addition to around 750 private individual donors who have become “sun funders” 
with  a  100EUR  minimum  donation.  Although  the  Solar  Centres  are  working  as 
commercial market-based SME’s selling solar PV components and technical know-
how, the project is not yet completely self-sustained in regards to initial capital cost 
of the systems, as well as the operational costs of the organization. There are plans 
to set up a revolving fund to support the initial investments, in addition to trialling a 
model where the end users are responsible for the initial capital cost of the system 
through microfinancing arrangements. Currently in the SEF projects the end users 
only pay for the energy services with a modified fee for service model (Stiftung 
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5.2 Comparison 
The  SEF  project  chosen  for  comparison  is  the  electrification  of  Rema  village  in 
Ethiopia. SEF commenced the project in 2005 and the latest available information 
from the project is from 2009, by which time the project had been expanded to 
other communities in Ethiopia. The project installed solar home systems to over 
2000 households in the villages of Rema and Rema ena Dire, together with a solar 
powered  water  pump  to  provide  clean  drinking  water  (Ashden  Awards  2009; 
Stiftung Solarenergie 2010), which makes the project considerably larger than the 
blueEnergy project used in this case study. Considering other blueEnergy projects 
that have taken place over the years prior (and after) the case study project, the 
scale  is  closer  to  similar.  For  the  purpose  of  this  comparison,  only  the  project 
detailed in chapter 4 is used.  
The SEF project is compared with the blueEnergy project in the areas of initial goals, 
financing,  technology  and  implementation  in  order  to  comment  on  the  overall 
success and financial viability of these projects. The findings have been summarized 
in Table 4 and discussed below in more detail.  
Both of the projects had similar goals, i.e. to provide energy services to the areas 
where  there previously  were  none,  as  well  as  to promote  education and  other 
holistic community development initiatives in conjunction with the energy services. 
The energy services needed by the communities both in Nicaragua and Ethiopia 
were mainly improved lighting in homes and electricity to support a small appliance 
such as a radio. Both in Nicaragua and Ethiopia kerosene lamps and poor quality 
torches were widely used before the installation of SHS.    Page 48 
 
  
blueEnergy - Nicaragua 
Solar Energy Foundation - 
Ethiopia 
Goals 
• Develop 3 communities in the RAAS area 
of Nicaragua                                                                              
• RETs enable education & community 
development 
• Support community organization 
• Enable economic activities                  
• Alleviate poverty in Ethiopia 
• Solar energy to promote education, 
health care and economic development  
• Reduce the impacts of crop failures, by 
enabling other income generating activities                                        
Financing 
• Main project donor Hivos financed the 
SHS, as well as project administrative 
costs 
• The end-user paid 20% of the system 
cost through micro-credit arrangements                                                                                                                                                                        
• The batteries charged at the village 
charging station for a fee                                                                             
• A communal fund set up for future 
maintenance costs                                                         
• Various large and small donors  
• End-users are only responsible for 
operating and maintenance expenses 
(approx. 1 USD per month) 
• In future the end users pay the initial 
system costs as well, after the set up of a 
revolving fund for a micro credit scheme                                                                                                                                
Technology               
&                 
Implementation 
• Solar Home Systems and a village 
battery charging station 
• Training of village energy committee 
members to perform maintenance tasks 
• Micro-credit repayments and battery 
charging fees collected by the village 
energy committee   
• Solar Home Systems 
• Training of technicians 
• Creation of a network of local Solar    
Centres                                                                                                                                                       
• Fee collection managed by a village 
committee                                          
Success 
• Success measured based on the overall 
impact to the community development 
rather than the number of systems 
installed 
• The beginning of long-term development 
of the area 
• The end-users more optimistic in creating 
commercial proposals around fishing, 
agriculture and ecotourism                                                                                                                      
• Too early to estimate the long-term 
success and impacts of the project 
• Health benefits from removing kerosene 
lamps 
• Strong sense of community pride from 
the SHS                               
• Economic opportunities to the community 
members as technicians and fee collectors                                                                                    
• Improved lighting helps to improve 
education of the villagers                                                                                                              
• After 5 years of running the program is 
still continuing successfully 
Financial 
Viability 
• Project is not yet self-sustaining 
• Commercial co-operatives needed to 
create income 
• Village income is needed for future 
maintenance and system upgrade needs                                                                                                                     
• Project will enable commercial initiatives 
in the communities 
• The capital cost of the systems is still not 
self-sustaining 
• A revolving  fund planned                                                                                                                  
• Project is likely to become financially self-
sustained in a few years                        
Table 4: Comparison between the projects of blueEnergy and SEF (Ashden Awards 2009; blueEnergy 2010; 
Stiftung Solarenergie 2010; Van Dam 2010) 
 
In addition to meeting the lighting and entertainment needs of the communities, 
there  were  goals  of  promote  education  and  economic  activities  within  the 
communities.  The  lighting  of  homes  and  community  areas  helped  children  and   Page 49 
 
adults to study in the evenings and the access to electricity was hoped to stimulate 
new  economic  activities  to  generate  additional  income  to  the  communities.  In 
Rema there were already some commercial agricultural activities in place, but these 
were very vulnerable to yearly fluctuations in crop yields. In the communities of 
Monkey Point, Kahkabila and Set Net Point there were practically no commercial 
activities going on before the project; most people were fishing or cultivating land 
for their own family subsistence only.  
The main feature in both of the programs was the solar home system installed in 
every household participating in the project. The SHS included a small (10-14W) PV 
panel,  charge  controller,  a  small  battery  and  some  LED  or  CFL  light  bulbs.  The 
blueEnergy project also offered a choice of home lighting system without the solar 
panel.  In  that  case  the  end  user  would  recharge  the  battery  for  a  fee  at  the 
communal battery charging station powered by a larger hybrid solar-wind system.  
The main financing of the blueEnergy and SEF projects came from international 
donor organizations. The blueEnergy project was entirely funded by Hivos and the 
SEF project received funding from several organizations, among others the Good 
Energies Foundation and the Hilti Foundation (Stiftung Solarenergie 2010; Van Dam 
2010). The grant funding received from the donors was used in both projects to 
finance  the  initial  capital  cost  of  purchasing  the  SHS  components,  as  well  as 
administrative  costs  of  the  project  such  as  project  personnel  salaries.  In  the 
blueEnergy project the end users were expected to pay 20% of the SHS cost up 
front, deposited to the communal fund, in order to make it more valuable to and 
appreciated  by  the  end  user.  The  maintenance  of  the  systems  was  hoped  to   Page 50 
 
eventually be financed by a community managed fund, which would also receive 
income from the fees of the communal battery charging station. In the SEF project 
the end users were responsible for the maintenance costs of their system, paid by a 
fixed monthly fee (in effect a fee for service model).  
The  implementation  of  these  projects  was  concluded  by  the  project  personnel 
while in both cases the maintenance of the systems was given over to selected 
members of the community who were trained. In Ethiopia the training reached 
beyond the immediate needs of the village, as an International Solar Energy School 
was set up in Rema. The school is training technicians from around Ethiopia with 
the aim of giving them the skills to eventually open up their own solar retail and 
maintenance services on franchising basis (Solar Centres). In Nicaragua the selected 
members of the village energy committees were sent to the blueEnergy facility in 
Bluefields for a training course in maintaining both the SHS as well as the communal 
solar-wind hybrid systems.  
 
5.3 Discussion 
As detailed in section 3.2, the main success factors for a rural solar energy project 
are  community  involvement  in  the  initial  need  assessment  as  well  as  in 
maintenance  and  capacity  building,  institutional  factors  and  choosing  a  suitable 
financing  mechanism  and  technology,  while  ultimately  the  success  depends  on 
whether  or  not  the  needs  of  the  end  user  have  been  met  affordably  and 
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The  blueEnergy  organization  started  from  the  personal  relationships  the  Craig 
brothers already had with the southern Atlantic Coast of Nicaragua. This gave the 
organization a good understanding of the particular needs of the community even 
before any projects were initialized. The method of working has been from the 
bottom up, thus the critical success factor of community involvement was already 
in  place  from  the  very  early  stages  of  this  project  as  well.  The  decisions  were 
ultimately made by the communities in the “asamblea comunal” where the end 
users  were  able  to  discuss  their  views  and  any  problem  areas  (Solar  Energy 
International 2010; Van Dam 2010). In Rema the community had already decided 
they wanted the solar system before they started working with SEF, as they had 
witnessed a poorly executed diesel generator project in the neighbouring village 
(Stiftung Solarenergie 2010).  
The  choice  of  technology  was  made  after  the  needs  were  assessed,  and  the 
individual SHSs were deemed to be the best choice, both in Ethiopia as well as 
Nicaragua. In Nicaragua the SHSs were supplemented with a communal wind and 
solar hybrid system for several reasons. Due to high frequency of cloudy and rainy 
days the solar resource in the southern Atlantic coast of Nicaragua is not ideal and 
thus adding a wind turbine was thought to make the most sense. Also blueEnergy 
had  already  been  working  for  a  few  years  in  developing  their  own  small  wind 
turbine, which was manufactured locally at Bluefields. Utilizing this design made it 
possible to have the selected energy committee members involved in the building 
of the wind turbines, which in turn helped in capacity building and creating a sense 
of communal pride. Also as most of the materials used in building the wind turbines   Page 52 
 
were available locally, this was the most cost effective way of gaining access to 
electricity, while simultaneously boosting the local economy in Bluefields. Although 
the efficiency of the wind turbine was lower than ideal, it was a holistic approach to 
community  involvement,  local  economy  and  capacity  building,  thus  much  more 
valuable than a mere tool of generating electricity. 
Institutional factors in Nicaragua were rather more complicated than in Ethiopia, 
due to the fractioned system of national, regional and local governance. The RAAS 
area had autonomy from the national government, and thus in theory a better 
chance  of  influencing  and  developing  its  area  as  seen  suitable.  The  Nicaraguan 
system is not allowing the regions (autonomous or not) full access to the revenues 
from that area, and this limits the ability of regional and local governments to work 
independently  within  their  areas  (WRI  2005).  As  the  communities  where 
blueEnergy is working are located in the most isolated part of Nicaragua, there was 
hardly any government interest in the project.  The blueEnergy organization has 
been campaigning actively to get publicity for their projects within RAAS as well as 
in Managua (the capital), and as this three year project is winding down there are 
hopes of securing some regional government help to keep the project going. In 
general the institutional structures are slow to change; any progress is precarious 
and can be taken away with a small change in the local or regional governance.  
Due to lack of institutional support from the regional and local governments, the 
financing of the blueEnergy project was solely left to Hivos and (indirectly) other 
international donors that support the work of blueEnergy. The initial set up was 
similar in the Rema project, though Rema was quicker getting off the ground with   Page 53 
 
small commercial enterprises, partly due to better institutional support and the 
existing economy in the area. Five years after the project commencement the Rema 
project  is  about  to  become  financially  self-sustaining  with  the  franchised  Solar 
Centres functioning as commercial enterprises, while at the three-year mark the 
blueEnergy’s project is not yet close to financial independence. This is mostly due to 
the  differences  in  the  initial  circumstances  and  institutional  support  systems  of 
these  two  projects,  rather  than  project  management  or  other  organizational 
factors. The utter isolation and lack of economical activities in the RAAS region of 
Nicaragua means that in order to slowly make their rural electrification projects 
self-sustaining  there  is  a  need  to  work  on  basic  community  organization  and 
education as well as better infrastructure and logistics. This is not something that a 
small NGO can do on its own and thus, there is a desperate need for government 
support, especially in providing the infrastructure to help end the isolation of these 
communities.  Without  the  creation  of  local  economy  there  is  little  hope  the 
electrification project can ever become financially viable. Three years is not a long 
enough time to create such vast changes, but with the installation of the current 
SHS and hybrid systems there is a flicker of hope and optimism in the community, 
which will hopefully boost development in other areas as well.   
Eventually,  when  Monkey  Point,  Kahkabila,  Set  Net  Point  and  the  other 
communities around Bluefields have gotten ahead with the basic infrastructure and 
economic activities, the electrification projects could become commercially viable 
SMEs similar to the examples of Tecnosol and ECAMI (see chapter 3, section 3.3.4) 
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model, though, will not survive until the communities are able to generate income 
from  their  agriculture,  fishing  or  eco-tourism  businesses  and  can  thus  pay 
commercial prices for their energy services. During the years of transition there is a 
need for blueEnergy to continue its work as a donor-financed NGO but perhaps 
engaging in closer cooperation with these already existing SMEs. In addition to the 
community development activities they could  further engage in enabling micro-
financing from the donors through to the most disadvantaged communities. With 
the increased financing available the communities would be able to purchase SHSs 
directly from SMEs at regular prices instead of receiving SHSs subsidised by the 
donors.   
 
5.4 Summary 
In this chapter the blueEnergy project was compared with an Ethiopian project run 
by SEF, as these projects were seen to have several similarities, from the low end 
user  income  levels  to  the  projects  being  entirely  donor-financed.  The  projects 
elsewhere in Latin America or in Asia were not seen to be comparable with the 
blueEnergy  project,  as  the  financing  methods  as  well  as  the  stakeholders  were 
different. The SEF project had been running longer than the blueEnergy one and it 
was already successful in achieving its goals and being able to expand the model 
elsewhere in Ethiopia. After analysis, however, it was concluded that the success in 
Ethiopia  was  not  entirely  transferrable  to  Nicaragua,  due  to  differences  in  the 
institutional framework in these countries.  The lack of infrastructure and viable 
economy  in  the  three  remote  RAAS  communities  means  that  before  the  rural   Page 55 
 
electrification projects can become financially viable, more basic development will 
need to take place.  
Despite  the  challenging  conditions  the  blueEnergy  project  had  nevertheless 
managed to bring renewable energy electrification to the three communities and 
they had succeeded in improving the quality of life as well as the communication 
and education systems in the communities. These positive changes had increased 
the  communities’  own  desire  to  seek  improvements  and  further  development, 
which is vital in enabling the needed  changes. In these aspects the project can 
certainly be deemed successful, although the financial viability of the project is still 
quite a few years away.  
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6.  Summary and Conclusion 
In this final chapter the main points from the literature review and the case study 
will be summarized before the research findings will be presented in section 6.2. 
This section also answers the research questions posed in the first chapter before 
venturing on to suggest areas of further research in section 6.3.  
 
6.1 Summary 
In order to answer the research questions set in the beginning of the dissertation, a 
review of the current literature on the subject of rural solar energy projects was 
conducted. The specific areas of literature review were rural solar energy success 
factors, financing and the long term viability of a projects. The findings from the 
review were presented in chapter three, where the challenges and peculiarities of 
rural solar energy projects were first outlined to set a backdrop against which the 
successfulness and viability could be examined. Various generally accepted success 
factors  of  rural  solar  energy  projects  were  found  in  the  existing  literature, 
highlighting the importance of community involvement and supportive institutional 
structures. The final part of the literature review concentrated on the financing of 
rural solar energy projects, where some of the most common methods of end user 
financing  were  presented  and  the  barriers  caused  by  conventional  commercial 
financing  not  being  readily  available  were  also  discussed,  as  well  as  the  high 
transaction costs of renewable energy technologies in general affecting the rural 
solar  projects.  Some  alternative  financing  methods  were  covered,  before  finally   Page 57 
 
examining  the  factors  influencing  the  long  term  financial  viability  of  rural  solar 
energy projects. Some of the main issues were found to be a smooth transition 
from  a  donor-led  project  into  a  commercially  viable  small  or  medium  sized 
enterprise (SME), supported by a network of public-private partnership initiatives. 
In the literature there is a call for wider cooperation between the myriad players in 
the field of financing rural electrification projects, lack of which at the moment is a 
major challenge to the long term viability of these projects.  
In chapter four the blueEnergy case study project in Nicaragua was presented. The 
general situation in Nicaragua regarding socio-economic and energy aspects was 
discussed,  before  presenting  the  details  of  the  project.  The  project  goals  and 
stakeholders  were  presented  before  covering  the  systems  installation  in  more 
detail and discussing the long-term financial viability of the project. Many aspects of 
the work of blueEnergy were found challenging, especially highlighted by the fact 
that blueEnergy has chosen to work in one of the most isolated and poor regions of 
one of the poorest countries in the world.  The RAAS area of Nicaragua is extremely 
isolated with no access by road, no electricity and very few basic services available 
only  in  scattered  semi-urban  areas  away  from  the  remote  jungle  communities. 
Nevertheless by the beginning of 2010 blueEnergy had completed the installation of 
a solar-wind hybrid system and individual home lighting systems in each of the 
three project communities. The work on capacity building, cooperation and income 
generation is still ongoing and will likely be for several years to come. The scale of 
the challenges, starting with the most basic logistics, is too large for a single project 
to  bridge  in  only  a  few  years,  but  blueEnergy  is  committed  to  the  area  and  is   Page 58 
 
continuing to explore ways with the local government and international donors on 
how to tackle the most pressing institutional factors hindering development in the 
RAAS area.  
A comparative analysis of chapter five was conducted to see whether there might 
be  anything  blueEnergy  could  learn  from  a  similar  project,  which  has  been 
established longer and had already achieved some financial stability. The project 
chosen for the comparison was by a German NGO called Solar Energy Foundation in 
an Ethiopian village called Rema. Although it would have been more ideal to find a 
Latin American project for the comparison, it was concluded that the utter isolation 
and  lack  of  economic  opportunities  and  infrastructure  in  the  RAAS  area  of 
Nicaragua made it more comparable with the projects in Sub-Saharan Africa than 
the projects in more affluent parts of Nicaragua or Latin America. The two projects 
were  compared  in  their  goals,  technical  and  financial  aspects  as  well  as  the 
perceived  success  and  financial  viability.  The  success  factors  derived  from  the 
literature and presented in chapter three were then used to assess the ultimate 
successfulness of the blueEnergy project. In the end some comments were made 
towards  improving the future  viability  of  the  project,  based  on  the  comparison 
findings.  
 
6.2 Research findings 
The three questions posed in the beginning of the research were to investigate the 
successfulness of the blueEnergy project, how could the project become financially   Page 59 
 
self-sustainable  and  whether  or  not  there  was  anything  the  donor 
organization/project management could do in the early stages of the project to 
ensure the viability.  
In terms of the project success it was found that the project, as a part of the larger 
organizational goals of blueEnergy, was indeed a very good start and a first step in 
the long road to improving the quality of lives in the three communities. As the 
project has only been running for three years and the financing for its continuation 
is still unsure, there cannot yet be any definite conclusions drawn on the long-term 
overall successfulness and viability of the installed solar energy systems and their 
influence on the communities. When measured against the success factors from 
literature which were outlined in chapter three, it can be concluded that the project 
in on the right track, although there are still various hurdles to overcome, most of 
which have to do with institutional and financial matters, on which blueEnergy has 
very little influence. There were some areas noted by the project management, 
where blueEnergy could improve on its own processes and ways of doing things. 
Some  of  the  main  areas  of  improvements  needed  were  in  the  pre-installation 
phase, as more detailed diagnostics and planning would be necessary to save time 
and money later on during the installation phase. To tackle this issue blueEnergy is 
currently working on creating a model which they could use as a blueprint or a 
checklist for future projects in the area.  
Regarding  financial  viability  and  self-sustainability  it  can  be  concluded  that  the 
project  is  not  there  yet  and  is  likely  not  going  to  be  for  quite  some  time  still. 
Financial self-sustainability will require overcoming vast socio-economic challenges   Page 60 
 
that affect not only these communities but the entire RAAS region, and the scope of 
those  challenges  is  beyond  what  blueEnergy  alone  can  do.  The  possible  future 
financing  from  World  Bank  seems  promising  though,  not  only  for  allowing 
blueEnergy  to  continue  working  with  the  communities  it  already  has  a  strong 
presence in, but also for the possibility of expanding the cooperation with World 
Bank and the regional and national governments. As World Bank is also the main 
funder of the large PERZA project in Nicaragua, there could be a chance to get some 
of the future blueEnergy projects accepted as PERZA projects. In any case this might 
help to raise awareness at the regional and national government level to the work 
blueEnergy is doing in RAAS communities. This could in turn advance improvements 
in the missing infrastructure and other social and economic challenges.  
Eventually,  once  some  of  the  most  pressing  socio-economical  issues  have  been 
improved  on,  blueEnergy  might  be  able  to  become  more  self-sustaining  by 
venturing into the commercial business as a SME. As examined in chapters 3 and 5, 
a commercial approach is generally not possible when there is very little economic 
activity in the communities and people are lacking means of generating a regular 
income. Thus, this approach would still be quite a few years away in the RAAS area, 
and there is likely always the need for an NGO to operate in the area and help the 
poorest of the poor access the development initiatives. A suitable short-term model 
could be for blueEnergy to venture into microfinancing and then  engage into a 
cooperation  or partnership  with  an  existing  SME.  Thus, the  commercial  partner 
could help blueEnergy’s not-for-profit work in the communities while blueEnergy’s 
successful work would in turn help the commercial SME gain more clients through   Page 61 
 
the better availability of financing, more organized and empowered communities 
etc. Such a partnership might be the most cost-effective way of venturing into the 
commercial market, rather than blueEnergy trying to create a separate commercial 
operation of its own. 
The role of the donor organization was found to be crucial in ensuring the success 
of  the  project  as  well  as  helping  the  project  eventually  gain  financial  self-
sustainability. As covered in chapter 3 and 5, the donor organization can hold the 
key on how the rural electrification projects are being executed and financed. It is 
the  donor  organization  that  has  the  power  to  demand  that  the  project 
management  of  organizations  planning  the  projects  ensure  long-term  viability, 
rather than creating old-fashioned “install and leave” type of ventures. In order to 
make a project successful and financially viable in the long run, the project will need 
to be planned accordingly from the very beginning. In the initial planning there 
should be made a considerable  effort to create a detailed roadmap on how to 
phase out the initial donor financing and make the project eventually run financially 
independently. This requires planning for a considerably longer time span than the 
current  trend  of  less  than  5  years.  Thus  the  original  donors  need  to  have  the 
tenancy to stay involved for a longer term, as financing for a few short years only 
can be ineffective, creating no long term benefits and in the worst case distorting 
the markets and disillusioning the communities so that any follow-up projects are 
even harder to realize.  
Ultimately, the project needs to be designed from the beginning as it is planned to 
be run; as a commercially viable enterprise rather than a one-off project. If the long   Page 62 
 
term financial viability is not a priority in the early planning stages of a project, it 
will be impossible to change the focus later on once the initial implementation 
funding has finished. The long term financial viability should equally be the priority 
of the donor organization as well as the project management.  
 
6.3 Recommendations for further study 
As mentioned in the literature review section, there is a wealth of research already 
available in the area of rural solar energy projects. The majority of these studies 
seem to concentrate more on the barriers and problems these projects face, rather 
than trying to find ways to tackle some of the issues. Thus, it could be interesting 
and useful to venture further into the mechanics of broad knowledge-sharing and 
dissemination of information, and conduct research on ways by which the lessons 
learned  in  various  projects  could  better  be  distributed  and  made  useful  to  the 
myriad  of  stakeholders.  Also  as  the  findings  of  this  study  highlighted  the  high 
degree of influence donor organizations have on the ultimate success and viability 
of  the  rural  solar  projects,  further  research  should  be  conducted  on  the 
requirements and expectations of donor-led project funding; what kind of planning 
and reporting requirements the projects applying for funding have and whether or 
not these are accurate and promote the long-term success of the project. It seems 
clear that the current established processes are not the most helpful in ensuring 
the long-term financial viability, thus new ways of administering and applying for 
donations are needed.       Page 63 
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